e report the results of a prospective study of the surgical release of 45 knee flexion contractures in 28 patients with myelomeningocele. The neurosegmental level was thoracic in ten patients, L1/2 in one, L3/4 in 11, and L5/S1 in six. In walkers the indication for surgery was a fixed flexion contracture impeding walking, and in non-walking patients it was a flexion contracture impeding transfers or sitting balance, or likely to do so with increasing deformity.
The natural history of knee contractures in myelodysplasia has been reported by Wright et al (1991) . They showed that fixed flexion contracture of the knee was greater in patients with lesions at higher neurosegmental levels. The mean flexion contracture in adolescents with a lesion at the thoracic level was 32° and in the L1/3 group it was 21°. There was no association with muscle spasticity. Patients with a fixed flexion contracture of more than 20° were less likely to be successful household and community ambulators. About 60% of those with a neurosegmental level above L3 and fixed flexion contracture of the knee of less than 20° were walking in late adolescence compared with only 5% of those with a flexion contracture greater than 20°.
There have been no previous prospective studies of the results of the surgical release of knee flexion contractures in myelodysplasia and we now report our findings.
PATIENTS AND METHODS
The International Myelodysplasia Study Group database has been used at the Royal Melbourne Children's Hospital since 1979 (Wright et al 1991 (Wright et al , 1992 Broughton et al 1993) .
From 1979 to 1992 details of 394 children with myelomeningocele were collected. We believe that this group represents over 90% of the long-term survivors with myelomeningocele in the State of Victoria. From the database 28 patients (45 knees) were identified as having had surgical release of a knee flexion contracture.
The mean age at surgery was 6.4 years (3 to 21) and the mean period of follow-up was 13 years (4 to 20). The neurosegmental level was thoracic in ten patients, high lumbar (L1/2) in one, low lumbar (L3/4) in 11 and lumbosacral (L5/S1) in six.
All patients with myelomeningocele are prospectively reviewed every six months in the first two years of life, then annually. On each occasion standard measurements of the range of joint movement and detailed muscle charting are performed. Muscle strengths are graded according to the Medical Research Council Scale from 0 to 5. Spastic knee flexion is defined as increased tone or clonus in any of the muscles crossing the posterior aspect of the knee such as the gastrocnemius and medial or lateral hamstrings. Neurosegmental level is defined according to the modification of Broughton et al (1993 ) of Sharrard's original description (1964 . Walking ability is graded according to Hoffer et al (1973) as non-ambulator, non-functional ambulator, household ambulator and community ambulator. Non-ambulators are also classified according to their ability to stand to perform transfers.
Statistical analysis used the chi-squared test for categorical data and analysis of covariance and regression analysis for continuous data.
Indications for surgery. The indications for surgery differed according to the walking ability of the patient. In patients who could walk surgery was offered if there was a fixed flexion contracture which restricted ambulation, had been increasing over a period of observation and was in excess of 30°. We also offered surgical release to those patients with less fixed flexion contracture, but which was associated with quadriceps weakness. Such children tend to develop further knee flexion when walking, especially when tired, and release of the hamstrings allows more effective action of the quadriceps.
In non-walkers we offered surgical release when flexion contracture was impeding, or likely to progress to a degree which would impede sitting balance, standing to transfer, or transfer from chair to bed. In the last category, we have found that, in patients with flail legs, transfer from chair to bed may be difficult if there is gross knee flexion deformity. Operative techniques. All surgery was carried out by the senior author (MBM). In the walking patient correction was performed to achieve some recurvatum at the joint. In nonwalkers up to 20° of residual flexion deformity was accepted.
With the patient prone and under a bloodless field a surgical incision is made in the midline of the leg with the distal end of the incision at the popliteal skin crease. All neurovascular structures are identified before division of the semitendinosus and gracilis tendons. The biceps femoris and semimembranosus muscles are lengthened by circumferentially dividing the tendinous aponeurosis on the surface of these two muscles (Fig. 1 ). If these muscles remain tight, preventing full extension of the knee, then they are completely divided. The posterior portion of the ilio-tibial band is also divided if this structure prevents full extension of the knee (Fig. 2 ).
If there is still a fixed flexion deformity, a posterior capsulotomy is performed through the distal portion of the incision. The popliteal vessels are retracted medially to expose the origin of the lateral head of gastrocnemius (or the fibrous tissue replacing the muscle) and this is divided and reflected distally. The posterior capsule is divided transversely along with the posterior fibres of the lateral collateral ligament. The vessels are then retracted laterally to expose the origin of the medial head of gastrocnemius which is similarly divided and reflected distally. The medial portion of the posterior capsule is divided together with the posterior fibres of the medial collateral ligament. The vessels are retracted posteriorly, allowing division of the central portion of the capsule. The posterior cruciate ligament is divided only if there is a persistent knee flexion contracture, despite adequate release of the hamstrings and posterior capsulotomy (Fig. 3) . The wound is closed in layers with suction drainage and a plaster cylinder is applied with the knee in full extension.
In four cases (9%), there was either undue wound tension or undue resistance to full extension. A cylinder was applied in the degree of flexion which the soft tissues could tolerate comfortably, and the plaster wedged to obtain further correction after two weeks. In anaesthetic limbs care was taken to reduce the risk of pressure necrosis by generous use of plaster wool and the positioning of felt pads over the patella and tendo Achillis. Table I gives details of the patients showing the change in walking status and transfer ability, the age at surgery, the neurosegmental level of the lesion, the motor function in the hamstrings, and the recurrence of knee flexion contracture after surgical release. The mean knee flexion contracture before surgery was 39° (25 to 70); it improved to 5° at maximum correction, and to 13° at the latest follow-up. The thoracic level group remained non-ambulators or non-functional ambulators only and was associated with the greatest recurrence of knee flexion contracture after surgery. The most marked improvement in walking ability after surgery was seen in the L3/4 group in which four non-walkers became nonfunctional walkers, one non-functional walker progressed to being a household ambulator and three household ambulators became community ambulators. In the L5/S1 group, * N = non-walker; NF = non-functional ambulator; H = household ambulator; C = community ambulator; NS = not standing; I,NS = independent transfers but no standing; IS = independent standing transfers † spastic two improved from non-functional to household ambulation, one from household to community ambulation and the three who were community ambulators before the operation remained so afterwards. In the thoracic level group sitting balance was improved in six patients. Before release all ten children had required one hand to assist sitting balance on a flat surface; after release four still required one hand for balance. Statistical analysis. In 17 of the 21 knees with L3/5 lesions the functional gait level improved or remained as community ambulation; this is highly significant (test of proportions, p < 0.001).
RESULTS
One-way analysis of variance showed that the age at surgery of patients with L5/S1 lesions was significantly greater than in those with either thoracic or lumbar lesions. We therefore used analysis of covariance to compensate for this and calculated adjusted mean values for the recurrence of knee flexion contracture after surgical release: 20.5° for patients with thoracic level lesions, 7.7° for those with L1/4 lesions and 4.8° for those with L5/S1 lesions. The extent of recurrence of knee flexion contracture after surgery is significantly greater in the thoracic group than in either the lumbar or the lumbosacral groups (analysis of covariance, p < 0.001).
There was no significant difference in the length of follow-up after surgery between these three groups (oneway analysis of variance, p > 0.05). In the higher neurosegmental levels the extent of recurrence of knee flexion contracture increased (regression analysis, p < 0.001), but there was no significant relationship between the extent of recurrence and the age at surgery (regression analysis, p < 0.001) or the presence of spasticity in the hamstrings (chi-squared test, p > 0.05).
DISCUSSION
In the patients whom we describe deformities at the hip, knee and foot have been reported elsewhere (Wright et al 1991; Broughton et al 1993; Broughton, Graham and Menelaus 1994) . These studies have shown that patients with high level lesions have a greater incidence of flexion deformity of the hip and knee than those with low lesions; hence fixed flexion deformity at the hip and knee tend to occur in the same patients. We were not able to show that flexion deformity at the hip led to flexion deformity at the knee or vice versa and the degree of fixed flexion deformity at the hip had no influence on the effectiveness of management of flexion deformity at the knee.
In our series, nine patients had surgery to correct hip flexion contractures, and six had correction of deformity at the ankle level. At the hip, patients had a variety of procedures, including transfer or lengthening of the iliopsoas.
Calcaneus foot posture imposes a flexion deformity at the knee when standing, but in our series there was no association between specific foot deformities and fixed flexion deformity at the knee. Three patients had posterior releases for equinus or equinovarus deformities and three had posterior transfer of tibialis anterior for calcaneal deformities. The latter predisposes to 'crouch gait' because of failure of the 'plantar flexion-knee extension couple'. Gait-analysis studies have shown that children with myelomeningocele have weak plantar flexion even after posterior transfer of the tibialis anterior. The inability to control progression of the tibia over the foot in stance results in excessive dorsiflexion at the ankle and a flexor moment at the knee because the ground reaction force is directed posterior to the axis of the knee. This problem should be recognised in children with lower neurosegmental levels and corrected by a combination of surgery and bracing.
In our series quadriceps activity predominated over hamstring activity and muscle imbalance is therefore not responsible for knee flexion contracture. In children with strong quadriceps the posterior knee structures are more regularly stretched out to length by walking because these children spend more time on their feet with less bracing.
Surgical release of knee flexion deformity is indicated in walking children in whom the deformity is progressive resulting in deterioration or failure of the expected improvement that occurs with maturation. It is also of value in children whose walking deteriorates as they become tired. These patients have a mean recurrence of knee flexion of 4.7°, which we feel is acceptable. Our findings agree with those of earlier, retrospective studies (Abraham, Verinder and Sharrard 1977; Dias 1982 ) which recorded similar results for the ambulant, or potentially ambulant child.
In children with high level lesions previous studies have not considered the effects on sitting balance and transfer ability (Abraham et al 1977; Dias 1982) . In our series six out of ten patients with high level lesions (60%) showed demonstrable improvement in sitting balance. We suspect, but of course cannot prove, that in the remaining 40% we prevented a deterioration which might otherwise have occurred. In these patients there was no improvement in ambulatory status and our results also suggest that transfer ability was also not improved.
Knee flexion deformity is most progressive in patients with thoracic level lesions (Wright et al 1991) and in these patients there is no muscle imbalance at the knee. We propose that knee flexion contracture and the recurrence of the deformity after surgical release in this group are principally related to positioning. These children sit with hips and knees flexed at 90° during the day and have flexed knees in bed at night. In walking children with lower lumbar and sacral level lesions, chronic adoption of the sitting position is obviously less important aetiologically. If these walking children have a calcaneal deformity then failure of the plantar flexion-knee extension couple may be a contributing factor.
We recommend surgical release of knee flexion con-tracture for walkers in whom flexion deformity is an impediment or in whom the quadriceps is weak and who develop increasing flexion deformity as they become tired, and in non-walkers in whom flexion deformity interferes with sitting balance.
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